and duration of ventilation on expression of genes involved in alveolarization [tropoelastin (Eln), lysyloxidase-like 1 (Loxl1), fibulin5 (Fbln5), and tenascin-C (Tnc)] and angiogenesis [platelet derived growth factors (Pdgf) and vascular endothelial growth factors (Vegf) and their receptors] in 8-day-old rats. First, pups were ventilated for 8 h with low (LV T: 3.5 ml/kg), moderate (MVT: 8.5 ml/kg), or high (HV T: 25 ml/kg) tidal volumes. LVT and MVT decreased Tnc expression, whereas HV T increased expression of all three elastogenic genes and Tnc. PDGF ␣-receptor mRNA was increased in all ventilation groups, while Pdgfb expression was decreased after MV T and HVT ventilation. Only HVT ventilation upregulated Vegf expression. Independent of V T, ventilation upregulated Vegfr1 expression, while MVT and HVT downregulated Vegfr2 expression. Next, we evaluated duration (0 -24 h) of MV T ventilation on gene expression. Although expression of all elastogenic genes peaked at 12 h of ventilation, only Fbln5 was negatively affected at 24 h. Tnc expression decreased with duration of ventilation. Changes in expression of Pdgfr and Vegfr were maximal at 8 h of ventilation. Disturbed elastin fiber deposition and decrease in small vessel density was only observed after 24 h. Thus, an imbalance between Fbln5 and Eln expression may trigger dysregulated elastin fiber deposition during the first 24 h of mechanical ventilation. Furthermore, ventilation-induced alterations in Pdgf and Vegf receptor expression are tidal volume dependent and may affect pulmonary vessel formation. mechanical ventilation; fibulin5; elastin; tenascin-C; PDGF; VEGF BRONCHOPULMONARY DYSPLASIA (BPD), a chronic lung disease of premature born infants, is a major cause of morbidity and mortality. In severely affected infants symptoms last into early adulthood (10, 53). BPD is a consequence of an inflammatory lung injury that leads to remodeling of the developing lung. Inflammation results from a variety of stimuli with mechanical ventilation, hyperoxia, and infection being the most prominent (22, 48). The incidence of BPD increases with decreasing gestational age. Due to the improved survival of extremely premature infants, the pathological features of BPD have evolved since its first description in 1967 by Northway et al. (40). Nowadays the pathology of BPD is characterized by alveolar simplification and a dysmorphic vasculature. It is not surprising that these findings are believed to be the result of an arrest in alveolar development. After all, lungs of infants born at 24 -32 wk are in the saccular stage of development and structurally and biochemically immature. During this period of development extensive vasculogenesis takes place within the developing terminal sacculi, followed by secondary crest formation with interstitial extracellular matrix (ECM) remodeling and capillary growth (12). Among the factors that contribute to normal alveologenesis, elastin, platelet-derived growth factors (PDGFs), and vascular endothelial growth factor (VEGF) have a prominent role (51). However, the effect of mechanical ventilation, hyperoxia, and infection, alone or combined, on these regulatory molecules of alveolar and vascular development is still not understood.
BRONCHOPULMONARY DYSPLASIA (BPD), a chronic lung disease of premature born infants, is a major cause of morbidity and mortality. In severely affected infants symptoms last into early adulthood (10, 53) . BPD is a consequence of an inflammatory lung injury that leads to remodeling of the developing lung. Inflammation results from a variety of stimuli with mechanical ventilation, hyperoxia, and infection being the most prominent (22, 48) . The incidence of BPD increases with decreasing gestational age. Due to the improved survival of extremely premature infants, the pathological features of BPD have evolved since its first description in 1967 by Northway et al. (40) . Nowadays the pathology of BPD is characterized by alveolar simplification and a dysmorphic vasculature. It is not surprising that these findings are believed to be the result of an arrest in alveolar development. After all, lungs of infants born at 24 -32 wk are in the saccular stage of development and structurally and biochemically immature. During this period of development extensive vasculogenesis takes place within the developing terminal sacculi, followed by secondary crest formation with interstitial extracellular matrix (ECM) remodeling and capillary growth (12) . Among the factors that contribute to normal alveologenesis, elastin, platelet-derived growth factors (PDGFs), and vascular endothelial growth factor (VEGF) have a prominent role (51) . However, the effect of mechanical ventilation, hyperoxia, and infection, alone or combined, on these regulatory molecules of alveolar and vascular development is still not understood.
Lung pathology of children with BPD reveals irregularly distributed alveolar elastic fibers (33) . Other studies have shown increases in hydroxyproline (reflecting collagen) and elastin in lung injuries after ventilation (17, 41) . Chronically ventilated preterm lambs have abundant and disordered elastin fibers (6) , and they display increased expression of tropoelastin (Eln) and lysyl oxidase-like-1 (Loxl1): molecules involved in the assembly of elastin fibers. A recent study showed that blocking lung elastase in newborn mice ventilated with 40% oxygen prevented elastin degradation and preserved lung growth (16) , providing evidence that ventilatory (stretch)-induced changes in lung elastin homeostasis impairs alveolar development, although the role of O 2 remains unknown.
The PDGF signaling network consists of four PDGF isoforms, PDGF(A-D), and two receptors, PDGFRA and PDGFRB. Defective PDGFR signaling is a primary feature of BPD (42) . PDGFA and PDGFRA are needed for the development of alveolar myofibroblasts, which produce elastin (7) . PDGFB has been linked to compensatory lung growth, while PDGFRB is involved in pulmonary vascular remodeling (15, 19, 56) . VEGF is a specific endothelial cell mitogen that regulates endothelial cell differentiation, angiogenesis, and maintenance of existing vessels (28) . Mechanical ventilation has been shown to decrease pulmonary gene expression for Vegf, Pdgfa, and their receptors (Vegfr2, Pdgfra) in preterm and term lambs with BPD (6), but their stretch sensitivity remains unexplored.
The main objective of this study was to investigate the effects of mechanical ventilation on pulmonary expression of genes that regulate formation of alveoli and blood vessels in lungs of newborn rats, in which alveolarization occurs after birth (46) . We found that the expression of most genes involved in alveolarization [Eln, Loxl1, fibulin 5 (Fbln5), and tenascin-C (Tnc)] and angiogenesis (Pdgf, Vegf) was stretch sensitive depending on amplitude and duration of stretch.
METHODS

Ethics Statement
The study was conducted according to the guidelines of the Canadian Council for Animal Care and with approval of the Animal Care Review Committee of the Hospital for Sick Children (protocol #7217).
Animal Preparation
Timed pregnant Wistar rats (Charles River, Oakville, Quebec, Canada) were allowed to deliver, and immediately afterwards litters were reduced to 10 pups. In two series of experiments day 7 newborn rats were ventilated to assess the effect of different tidal volumes (V T) and duration of ventilation on alveolar development. Pups were anesthetized by injection of 30 mg/kg ip pentobarbital, and a tracheotomy was performed. The trachea was cannulated with a 1 cm 19-gauge cannula and connected to a rodent ventilator (FlexiVent Scireq, Montreal, Quebec, Canada). Isoflurane was used as general anesthesia and 0.9% saline (100 ml·kg Ϫ1 ·24 h Ϫ1 ) was administered subcutaneously by continuous infusion with a 27-gauge needle to prevent dehydration. Preliminary experiments were performed to determine ventilator settings (22) . Animals were monitored by electrocardiogram. Rectal temperature was maintained at 37°C with a thermal blanket, lamp, and plastic wrap. At the end of the ventilation period a blood sample from the carotid artery was taken for blood gas analysis prior to euthanasia. Lung tissues were processed for histology or flash-frozen for molecular/protein analyses.
Mechanical Ventilation
Series I: different V T. Rat pups (postnatal day 7) were randomly assigned to one of the following four groups: 1) Nonventilated (NV) 
Histology
After flushing whole lungs via the right ventricle to eliminate blood, we infused lungs via the trachea in situ with 4% (wt/vol) paraformaldehyde (PFA) in PBS with a constant pressure of 20 cmH2O over 5 min to have equalized filling pressure over the entire lung. Under these constant pressure conditions the cannula was removed and the trachea immediately ligated. The lungs were excised and immersed in 4% PFA in PBS overnight, dehydrated, and embedded in paraffin. Sections of 5 m were stained for elastin with accustain artrazine solution (Sigma, St. Louis, MO).
Immunohistochemistry
Following sectioning and antigen retrieval by heating in 10 mM sodium citrate pH 6.0, sections were washed in PBS and endogenous peroxidase was blocked in 3% (vol/vol) H2O2 in methanol. Blocking was done with 5% (wt/vol) normal goat serum and 1% (wt/vol) bovine serum albumin in PBS. Sections were then incubated overnight at 4°C with 1:500 diluted rabbit anti-Tenascin (Chemicon, Huissen, Netherlands) or 1:500 diluted rabbit anti-PDGFRA (Santa Cruz Biotechnology, Santa Cruz, CA). Biotinylated goat anti-rabbit IgG (1:2,000) was used as secondary antibody. Color detection was performed according to instruction in the Vectastain ABC and DAB kit (Vector Laboratories, Burlingame, CA). All sections were counterstained with hematoxylin.
Quantitative RT-PCR
Lung tissues were homogenized in Trizol (Invitrogen Canada, Burlington, ON, Canada), and total RNA was extracted according to the manufacturer's protocol. Total RNA was treated with DNase I (Invitrogen Canada) at 37°C to remove residual genomic DNA. Total RNA was reverse transcribed using Superscript II reverse transcriptase (Invitrogen Canada) and random hexamers (Applied Biosystems, Foster City, CA). Complementary DNA was quantified in a 7700 Sequence Detector (Applied Biosystems, Foster City, CA). Amplification was performed with AmpliTAq Gold polymerase (Applied Biosystems, Foster City, ON, Canada) using TaqMan primers and probes (Applied Biosystems, Foster City, ON, Canada) for the target genes Pdpn (Podoplanin also called T1-␣), Eln and Tnc (17) . Vegf, Vegfr2, Pecam, Loxl1, Fbln5, and 18S were Assays on Demand from Applied Biosystems (Foster City, ON, Canada). Vegfr1, Pdgfa, Pdgfb, Pdgfra, and Pdgfrb cDNA (see Table 1 ) were quantified with SYBR Green. For relative quantification, PCR signals were compared between groups after normalization with 18S as an internal reference. Fold change was calculated according to Livak and Schmittgen (29) .
Vessel Numbers
The number of peripheral vessels of 20 -65 m and Ͼ60 m in diameter was counted in 30 random, nonoverlapping fields per lung with all fields being within 435 m of the edge of the lung on tissue cross section as previously described (34) .
Statistical Analysis
Unless stated otherwise all data are presented as means Ϯ SD. Data were analyzed with SPSS software version 15 (SPSS, Chicago, IL). Statistical significance (P Ͻ 0.05) was determined by one-way ANOVA or Kruskal-Wallis test. Post hoc analysis was performed by Duncan's multiple-range test (data presented as means Ϯ SD) or Mann-Whitney test (data presented as median and interquartile range). 
RESULTS
Physiological Data Series 1. Blood gases were in the normal range after 8 h of ventilation with different V T (Table 2) (22).
Series 2. Again, blood gases were in the normal range after 8, 12, and 24 h of ventilation (Table 3 ) (23). Mean airway pressures, peak pressures, and delivered V T remained constant up to 8 h of ventilation but altered slightly after 12 h of ventilation compared with baseline (Table 3) .
Expression of Matrix Molecules Implicated in Alveolarization
Series 1. Eight hours of ventilation with LV T (ϳ3.5 ml/kg) and MV T (ϳ8.5 ml/kg) decreased the expression of Tnc mRNA vs. NV control animals (Fig. 1) . In contrast, injurious HV T ventilation with ϳ25 ml/kg increased Tnc expression. Immunohistochemical analysis showed that the TNC distribution pattern was similar in NV lungs and lungs ventilated with different V T (Fig. 2 , C and D; high V T vs. NV group). TNC staining was mesenchymal, and no immunoreactivity was found in the larger airways and blood vessels. Also Western blotting did not reveal any differences in TNC protein expression (data not shown). Loxl1 and Eln mRNA levels were increased twofold and Ͼ10-fold vs. the NV control group after LV T and HV T ventilation, respectively. Fbln5 expression was not affected by ventilation with LV T and MV T , while it was increased by injurious HV T ventilation (Fig. 1) . ELN, LOXL1, and FBLN5 are involved in elastin synthesis and assembly, a process crucial for alveologenesis. Although gene expression of these elastogenic genes was increased after injurious HV T ventilation, a similar pattern of elastin deposition and arrangement was observed in lungs of all groups (Fig. 2, A and B; high V T vs. NV group).
Series 2. A 24 h ventilation with MV T further decreased Tnc expression vs. 8 and 12 h of MV T ventilation (Fig. 3A) , without changing TNC immunolocalization (not shown). Gene expression of Loxl1, Eln, and Fbln5 peaked at 12 h of MV T ventilation (Fig. 3, B-D) and declined thereafter, although their mRNA levels, except for Fbln5, which decreased below NV levels, remained greater than NV animals (Fig. 3, C and D) . Of note, 24 h of MV T ventilation resulted in a different pattern of elastin deposition. In NV animals and animals ventilated for 8 h, elastin was deposited mainly at the tips of the alveolar septa, whereas after 24 h of MV T ventilation elastic fibers were prominent throughout the walls of distal respiratory units in the lungs (Fig. 4) . Pdpn (type I cell marker) mRNA expression was not altered after 24 h of MV T ventilation (Fig. 5A) .
PDGFA and its receptor PDGFRA are implicated in elastin formation during alveolarization (7). While Pdgfa mRNA expression was not markedly altered by ventilation, transcript levels of Pdgfra were significantly increased in all ventilation groups vs. NV animals (Fig. 6A) . While 24 h MV T ventilation also increased Pdgfra mRNA expression, this increase was much less compared with 8 h MV T ventilation (Fig. 7A) . MV T ventilation for 24 h of 7-day neonatal rats increased PDGFRA immunoreactivity, particularly at septal tips (Fig. 6B, a vs. b) , as well as PDGFRA protein levels (Fig. 6Bc) in line with the upregulation of Pdgfra gene expression.
Increased lung matrix metalloproteinase (MMP)9 activity is associated with the development of BPD in newborn infants (11, 47) as well as in animal models (43, 49) . Mechanical ventilation has been shown to activate transient receptor potential vanilloid 4, thereby releasing and activating MMP2 and MMP9 (13, 52) . We observed a significant increase in Mmp9 expression after 12 h of MV T ventilation, which normalized to NV control levels after 24 h of MV T ventilation (Fig. 5B) .
Expression of Angiogenic Molecules Implicated in Alveolarization
Series 1. The number of Pdgfb transcripts was significantly decreased after MV T and HV T ventilation vs. NV and LV T ventilation (Fig. 6A) .
Series 2. The altered gene expression of Pdgfb and Pdgfrb after 8 h MV T ventilation normalized to NV controls after 24 h MV T ventilation (Fig. 7B) .
Various studies have shown the importance of vascular growth for lung development. VEGF is a potent inducer of endothelial cell growth that acts on vascular endothelial cells through two different receptors, VEGFR1 and VEGFR2. Inhibition of VEGF signaling has been shown to impair postnatal rat alveolar development (50) . Series 1. Vegfr1 mRNA expression was significantly upregulated after LV T , MV T , and HV T ventilation, whereas Vegfr2 gene expression was downregulated by V T of ϳ8.5 ml/kg but not 25 ml/kg (Fig. 8) . Vegf expression was not changed by 8 h of LV T and MV T ventilation, while, in contrast, HV T significantly increased the levels of Vegf mRNA (Fig. 8) . Pecam (endothelial cell marker) expression was only increased by ventilation with ϳ25 ml/kg. Series 2. Prolonged (24 h) MV T ventilation did increase Vegfr1 expression vs. NV animals (Fig. 9A) . Again, the alteration was not as explicit as after 8 h MV T ventilation (Fig. 9A) . The expression of Vegfr2 normalized after the initial decrease at 8 h, while that of Vegf did not alter with duration of stretch (Fig. 9, B and C) .
Vessel Count
In animal models of mild BPD, the arrest in alveolar development is accompanied by a paucity of pulmonary capillaries. Small vessels are defined by vessels 20 -65 m in diameter. Ventilation with different V T for 8 h did not affect the vessel density (Table 4 ). However, 24 h MV T ventilation of 7-day-old rats did significantly decrease the number of small vessels vs. NV 8-day-old rats. The number of small vessels was not different from the number of small vessels in NV 7-day-old rats, suggestive of an arrest in small vessel formation (Table 5) .
DISCUSSION
Arrested lung growth is one of the hallmarks of BPD. In the present study, we focused on the effect of mechanical ventilation on pulmonary expression of genes that regulate formation of alveoli and blood vessels in lungs of newborn rats. Because in rats, lungs at birth have a saccular appearance and alveolarization occurs exclusively postnatally, this model is relevant to the premature born infants developing BPD, although we acknowledge the major differences between mechanically ventilated newborn rats and premature born infants (23) . Herein, we demonstrated alterations in expression of molecules in- 
Mechanical Ventilation and Expression of Genes Implicated in Alveolarization
Formation of new alveoli during the first phase of alveolarization (postnatal days 4 -21 in rat) starts with the development of new septa from immature preexisting septa. Elastogenesis is a prerequisite to this process of alveolar septation (55) . Elastin is synthesized as Eln. Both Fbln5 and Loxl1 play a key role during the assembly of Eln into elastin fibers. Fbln5 and Eln null mice exhibit abnormal alveolar development (31, 55) . Lungs of Loxl1 null mice display impaired development of distal and proximal airways with dilatation of the alveolar walls, sacs, and primitive alveolar structures (31) . Mechanical forces have been shown to induce Eln mRNA expression in vitro (38) and in vivo (20) . It has been suggested that ventilation with LV T is less injurious. We previously reported decreased alveolar development in newborn rats after 12 and 24 h, but not after 8 h of LV T and MV T ventilation (22, 23) . In line with these previous findings we found that an 8 h ventilation with LV T and MV T did hardly influence the expression of Eln, Loxl1, and Fbln5. Injurious ventilation (HV T ) augmented the gene expression of all three elastogenic genes, in agreement with previous reports showing upregulation of these genes during lung injury/repair (24, 25, 44) . A recent study has also reported increased gene expression of Eln and Loxl1, but not Fbln5, after 8 h ventilation of 2-to 4-day-old mice (4). However, since V T settings were not reported, it is difficult to compare those data to the present study. Here we observed that prolonged MV T ventilation initially (12 h of ventilation) increased Eln, Loxl1, and Flbn5 expression. A longer duration (24 h) of ventilation reduced the Fbln5 mRNA levels below NV controls, while the rises in Eln and Loxl1 transcripts were less explicit compared with 8 h of ventilation. For normal elastic fiber formation interactions between Eln and several ECM proteins, including Fbln5, as well as Loxl1 are essential. Loxl1 plays a critical role in the formation and repair of the ECM by oxidizing lysine residues in elastin and collagen. As a result, covalent cross-linkages that stabilize these fibrous proteins are formed (30) . Fbln5 is an ECM protein that can bind integrins. Its role seems to be anchorage of elastic fibers to cells, thereby stabilizing and organizing elastic fibers in the lung (39) . It is reasonable to assume that normal elastic fiber formation requires a certain balance between both assembly molecules (Loxl1 and Fbln5) and Eln. Hence, the coordinated increases in Eln, Loxl1, and Fbln5 transcripts during the first 12 h of MV T ventilation expression are compatible with their interactive role in proper elastic fiber formation. Longer (24 h) ventilation led to a dyscoordinated expression of these elastogenic genes (Eln and Loxl1 expressions were augmented while Fbln5 expression was below that of controls), resulting in the observed dysregulated elastin assembly and deposition in the alveolar walls. Our data suggest that Fbln5 may be one of the most important elastin assembly proteins responsible for the aberrant elastic fiber formation due to prolonged mechanical ventilation. The next step will be identifying pathways leading to the downregulation of Fbln5 expression by mechanical ventilation. This may reveal clues for therapeutic strategies to prevent BPD.
ECM glycoprotein TNC plays a morphoregulatory role during development and tissue remodeling. Fetal lungs of Tncdeficient mice have enlarged air spaces (45) . In agreement with a previous study using newborn mice (5) we observed a significant downregulation of Tnc expression after ventilation with low to moderate tidal volumes. Prolonged (24 h) MV T ventilation had the most negative impact on Tnc expression. Several findings support the idea that pulmonary Tnc is a mechanosensitive gene. Cyclic mechanical stretch (elongation 10% for 48 h) of human lung fibroblasts reduced Tnc expression and decreased differentiation into ECM-producing myofibroblasts (3) . In a murine model of pulmonary hypoplasia with coexistent diaphragmatic hernia Tnc expression is downregulated (9). In contrast, cyclic mechanical strain of human airway smooth muscle cells (17-18.5% elongation for 1-5 days) has been shown to increase Tnc expression (14) . Furthermore, Tnc is highly expressed in autopsied babies with BPD (21) . Recent analysis of gene expression in repairing lungs of naphthalene-exposed mice showed a transient increase of Tnc expression in the lung, whereas abortive repair in a transgenic model allowing ablation of all reparative cells resulted in a progressive accumulation of Tnc (49) . Thus, the increase in Tnc expression during HV T ventilation fits with a lung injury repair response. In contrast, the downregulation of Tnc mRNA levels after 8 -24 h of mechanical ventilation with low to moderate tidal volumes may negatively influence alveolar development, although we did not observe significant differences in TNC protein levels. Likely longer duration of ventilation is required to see changes in protein reflecting those in TNC gene expression.
Proper PDGFA/PDGFRA signaling is crucial for alveolar septation, myofibroblast formation, and elastin production (7, 18) . In contrast with a previous study using newborn mice (5), prolonged ventilation, independent of VT, did not reduce but increased PDGFRA expression in neonatal rats. Eln expression was also increased, but elastin deposition was altered. PDGFRA expression has been shown to be upregulated prior to the development of fibroproliferative lung lesions (26) , while a decrease in PDGFRA-expressing lung fibroblasts coincided with alveolar thinning (36) . MMPs represent a family of zinc-dependent proteases that degrade the ECM. These proteases are secreted by endothelial cells, alveolar cells, macrophages, fibroblasts, and other connective tissue cells (37) . They have been shown to play a role in airway remodeling (54) . By breaking down ECM proteins they facilitate cell migration, which is essential for normal wound repair (8) . Since mechanical ventilation triggers the expression of acute-phase cytokines (22) it is not surprising that MMPs are reportedly elevated in BPD (11, 43, 47, 49) . We did find an increase in Mmp9 message levels after 12 h of mechanical ventilation; however, the exact ECM targets are yet unknown.
Mechanical Ventilation and Expression of Genes Implicated in Angiogenesis
Ample evidence suggests that abnormal vascularization may contribute to disrupted alveolar development. Especially reduced signaling through angiogenic VEGF and PDGF pathways appears to affect alveologenesis. Blocking PDGF (43) and VEGF (27) receptor signaling in neonatal rats causes abnormal alveolar development. Expression of Vegf and its receptors is decreased in premature lambs, baboons, and human infants, who developed BPD after a prolonged period of mechanical ventilation with oxygen (2, 6, 32) . In the present study, noninjurious (LV T and MV T ) ventilation with room air had no effect on total Vegf expression; of note, isoform expression was not investigated. Even prolonged ventilation (24 h) did not change the expression of Vegf. We only observed a significant decrease of Vegfr2 expression after MV T , but not LV T , ventilation. Although Vegfr1 expression was equally upregulated after 8 h noninjurious (LV T and MV T ) ventilation, it is believed that VEGFR2 mediates the major growth and permeability actions of VEGF (35) . VEGFR1 may act as a dummy/decoy receptor, sequestering VEGF from VEGFR2 binding, thereby negatively influencing VEGFR2-mediated actions. In overall, LV T ventilation (Vegfr1 upregulation) appears to have less influence on lung vascular development compared with MV T ventilation (Vegfr1 upregulation and Vegfr2 downregulation). Our finding of reduced Pdgfb expression after MV T and HV T ventilation, but not LV T ventilation, supports this conclusion. PDGFB/PDGFRB signaling has been shown to promote proliferation of vascular smooth muscle cells and pericytes during their recruitment to new vessels (1). Only after 24 h of MV T ventilation did we observe a decrease in small vessel density compared with NV controls, maybe resulting from altered Vegfr and Pdgfb expression after MV T ventilation at 8 h, although expression levels are restored to normal after 24 h. The increase in small vessels with a diameter of Ͻ20 m may indicate a growth arrest of these vessels: they are still formed but do not further mature in larger (20 -65 m) vessels. Further research is needed to confirm this concept.
In conclusion, prolonged MV T ventilation alters the expression of genes involved in alveolarization and angiogenesis in newborn rats. Our data suggest an imbalance between the expression of Fbln5 and Eln, as well as loxl1, as an early culprit for dysregulated elastin formation during the first 24 h of mechanical ventilation. We also show that altered Pdgf and Vegf receptor expression after MV T ventilation may affect pulmonary small vessel formation. LV T ventilation was protective, suggesting that the negative effect of ventilation on angiogenesis is V T dependent. The observed alterations in gene expression in relation to V T and duration of ventilation may be important for future therapeutic strategies to prevent BPD. 
